Although smaller gray matter volumes (GMV) in the prefrontal cortex (PFC) in schizophrenia and bipolar disorder have been reported cross-sectionally, there are, to our knowledge, no reports of longitudinal comparisons using manually drawn, gyrally based ROI, and their associations with symptoms. The object of this study was to determine whether first-episode schizophrenia (FESZ) and first-episode affective psychosis (FEAFF) patients show initial and progressive PFC GMV reduction in bilateral frontal pole, superior frontal gyrus (SFG), middle frontal gyrus (MFG), and inferior frontal gyrus (IFG) and examine their symptom associations. Twenty-one FESZ, 24 FEAFF and 23 healthy control subjects (HC) underwent 1.5T MRI with follow-up imaging on the same scanner ~ 1.5 years later. Groups were strikingly different in progressive GMV loss. FESZ showed significant progressive GMV loss in the left SFG, bilateral MFG, and bilateral IFG. In addition, left MFG and/or IFG GMV loss was associated with worsening of withdrawal-retardation and total BPRS symptoms scores. In contrast, FEAFF showed no significant difference in GMV compared with HC, either cross-sectionally or longitudinally. Of note, FreeSurfer run on the same images showed no significant changes longitudinally.
Introduction
The prefrontal cortex (PFC) has been associated with the pathophysiology of schizophrenia (Harms et al. 2010) . Cross-sectional voxel-based morphometry (VBM) studies revealed PFC volume reduction (Fornito et al. 2009 ) and several studies manually parcellating the PFC into 
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subregions showed smaller volumes in the superior frontal gyrus (SFG) (Suzuki et al. 2005) , middle frontal gyrus (MFG) (Harms et al. 2010; Suzuki et al. 2005) , and inferior frontal gyrus (IFG) (Harms et al. 2010; Suzuki et al. 2005; Yamasue et al. 2004 ). However, results were not consistent in the longitudinal studies. In schizophrenia compared with healthy controls (HC), one study found that the frontal region showed longitudinal cortical thinning (van Haren et al. 2011; Andreasen et al. 2011 ) and our VBM study also showed progressive gray matter volume (GMV) reduction in the prefrontal region (Asami et al. 2012 ), but another VBM study reported no reduction in the FESZ group (de CastroManglano et al. 2011) . Another study reported that the FESZ group showed greater longitudinal brain surface contraction in the anterior parts of the SFG and MFG bilaterally (Sun et al. 2009 ). However, progressive gyrus-level changes may play a role in the pathophysiology of the onset and of post-onset progression in FESZ, since each of the SFG, MFG, and IFG has been associated with specific functions (Harms et al. 2010; Suzuki et al. 2005; Yamasue et al. 2004) . Given the fact that none of the previously used longitudinal methods accurately measured gyral volume, we thus used gyrally based manual tracing methodology, and included a psychotic first-episode affective psychosis group (FEAFF) for comparison.
Clinically, positive symptoms are present in the acute psychotic state, with post-psychotic depression and negative symptoms becoming more apparent after the initial acute psychotic state in FESZ (Siris 2000) . Of further relevance, the severity of withdrawal-retardation subscale scores of the Brief Psychiatric Rating Scale (BPRS) in FESZ were found to be inversely correlated with fMRI activation of the frontal operculum (Menon et al. 2001) . We thus hypothesized that FESZ would display progressive structural abnormalities in gyrally defined ROI and that gyral loss of GMV might be associated with emergent depression and negative symptoms after the acute psychotic state.
Subgenual PFC volume reduction has been shown in patients with affective disorder (Hajek et al. 2005) , and smaller IFG correlated with the lifetime number of manic episodes in bipolar disorder (BD) (Ekman et al. 2010 ). These findings suggest that patients with affective disorder might show volume reduction in PFC, and abnormalities in the PFC might be associated with clinical features. Longitudinally, when compared with their HC group, a FEAFF group did not show progressive volume reduction (de Castro-Manglano et al. 2011) , although progressive volume reduction in the prefrontal area was found in a different BD group (Kalmar et al. 2009) .
A critical feature of the present study is evaluating patients longitudinally in the immediate post-onset time period to reveal any structural change differences among FESZ, FEAFF and HC groups. It is now being widely recognized that such early evaluation is critical as this is the time of most pronounced change in cognitive variables, implying a consequent critical need for structural MRI studies in the immediate post-onset period (Rais et al. 2012 ). The present study meets this need and, to our knowledge, this approach is not present in any other longitudinal PFC manually parcellated ROI evaluation of either FESZ or FEAFF.
Herein, as what we believe to be a distinct contribution to the literature, we report cross-sectional and longitudinal GMV findings for PFC subregions in FESZ, FEAFF, and HC and the associations between progressive volume reduction in PFC subregions and symptom severity.
Finally, considering that many recent structural MRI studies have adopted automatic voxel-based analysis such as FreeSurfer (https ://surfe r.nmr.mgh.harva rd.edu), we compare FreeSurfer results on the same images and the same ROIs as those used in our manual ROI analysis.
Methods

Participants
The participants were 21 patients with FESZ and 24 with FEAFF (22 BD in a manic phase and 2 with a unipolar depression diagnosis at the time of the scans who later showed a manic phase) and 23 HCs (Table 1) . Briefly, the criteria of the subjects are as follows. Patients and HCs met criteria for age (18-45 years), IQ (> 75), right-handedness (handedness was assessed using the Edinburgh inventory) (Oldfield 1971) , and a negative history for seizures, head trauma with loss of consciousness, neurologic disorder, and no history of drug dependence in the past 5 years. Patient diagnosis was based on the Structured Clinical Interview for DSM (SCID)-Patient Version (Spitzer et al. 1990a ) for DSM-III-R or DSM-IV criteria. The HCs had no Axis I or Axis II disorder according to the SCID-Non-Patient Version (Spitzer et al. 1990b ) and SCID II Personality Disorders (First et al. 1997) , and no Axis I disorder in their first-degree relatives per self-report. All the subjects were longitudinally re-scanned approximately 1.5 years later (Table 2) . Excluding the two subjects initially diagnosed as unipolar but later found to be manic did not change the statistical results in the cross-sectional or the longitudinal sample. The cross-sectional and longitudinal groups were matched for age, sex, handedness, and parental socioeconomic status (SES). Medication history, if present, was assessed by patient report and through medical chart review. Dosage (Tables 1, 3 ) of antipsychotics (Narr et al. 2003) did not correlate with any initial volume or volume change. Patients were recruited at McLean Hospital, a Harvard Medical School affiliate. The HCs were recruited through newspaper advertisements. Consistent with the literature and our previous studies, a first episode was operationally defined as Table 1 Demographic and clinical characteristics of cross-sectional and longitudinal study subjects Of 24 patients with FEAFF, 22 had bipolar disorder in a manic phase and 2 had bipolar disorder in a depressive phase with psychotic features. Unless otherwise indicated, data are expressed as mean (SD) BPRS Brief Psychiatric Rating Scale; CPZ equiv., chlorpromazine equivalent; FEAFF first-episode affective psychosis; FESZ first-episode schizophrenia; HC healthy control; NA data not applicable; SES socioeconomic status; WAIS-R Wechsler adult Intelligence Scale-Revised a The F tests (one-way analysis of variance) were performed among FESZ, FEAFF, and HC groups for age, handedness, SES, parental SES, WAIS-R Information and Digit Span scaled scores, and MMSE scores. The t tests were performed between FESZ and FEAFF groups for duration of illness, medication dosage, BPRS scores, and GAS scores b The degrees of freedom differ among variables owing to unavailability of data in some participants c χ 2 test (F 2 = 0.080; P = 0.44) showed no difference in sex ratio among the three groups One of the 21 FESZ subjects was not prescribed typical and atypical neuroleptics (only prescribed Gabapentin) c Calculated using one-way analysis of variance (ANOVA) by group for the percentages of change of prefrontal cortex gray matter relative volumes in each region. The groups include the six given in the Table (FESZ + TYP (Kasai et al. 2003) . Subjects had not been previously hospitalized for any psychiatric reason. We believe this criterion is consistent and robust based on a consequent objective record of symptoms; moreover as judged by the onset of antipsychotic medication, our subjects had a short-potential psychosis duration prior to our study, 2 weeks for the FESZ and 1 week for FEAFF. This study was approved by the McLean Hospital, Veterans Affairs Boston Healthcare System, and Harvard Medical School institutional review boards. Written informed consent was obtained from all subjects before study participation. Clinical evaluations at times 1 and 2 included the BPRS (Overall and Gorham 1962) and the Wechsler Adult Intelligence Scale-Revised (WAIS-R) (Wechsler 1981) .
MRI processing
The MRI protocol used two pulse sequences on a 1.5T MRI system (GE Medical Systems, Milwaukee, Wisconsin), as described by Kasai et al. (2003) and our supplementary text. The segmented voxel volumes of gray and white matter and cerebrospinal fluid were summed to yield the total intracranial contents (ICC) (Kasai et al. 2003) .
Region of interest (ROI)
The PFC subregions of frontal pole (FP), and the superior, middle and inferior frontal gyri (SFG, MFG, and IFG respectively) are displayed in Fig. 1 . The details of the criteria used for parcellation are also described in our supplementary text. All manual ROI parcellations were performed by investigators blind to diagnoses and the date of scan. To assess inter-rater reliability, three blind raters (T.O., T.A., and T.R.) independently delineated the ROIs for five randomly selected cases. Intra-class correlation coefficients for the volume were 0. 
FreeSurfer analysis
To compare the ability of detecting subtle structural changes and the validity of manual parcellation with the use of automated methodology, we also analyzed the ROI volumes using FreeSurfer version 5.3 (https ://surfe r.nmr.mgh.harva rd.edu) (Dale et al. 1999; Fischl et al. 1999) . Thus, the MRI scans used for manual parcellation were reprocessed using FreeSurfer v. 5.3. One of the coronal slice parcellated by FreeSurfer v. 5.3 is displayed in our supplementary Fig. S1 . The detailed procedures for volumetric measurements of FP, SFG, caudal and rostral MFG, and IFG (i.e. pars opercularis, pars orbitalis, and pars orbitalis) have been described in several publications (Fischl et al. 2002) . Relative volumes were calculated by dividing volumes by the total intracranial volume of each subject as provided by the FreeSurfer output.
Statistical analysis
One-way analysis of variance (ANOVA) was performed among FESZ, FEAFF, and HC groups for age, interscan interval, handedness, socioeconomic status (SES), parental SES, WAIS-R Information and Digit Span scaled scores with follow-up post hoc Tukey Honestly Significant Difference (HSD) tests. In addition, t tests were performed between FESZ and FEAFF groups for duration of illness, medication dosage [chlorpromazine equivalent antipsychotic dosage (Woods 2003) ], and BPRS scores. Group differences in PFC GMV at times 1 and 2 were first assessed using repeated measures ANOVA, with Group as the between-subjects factor and Hemisphere (left and right) and Region (FP, SFG, MFG, and IFG) as the withinsubjects factors. Follow-up post hoc Tukey HSD tests were performed when a group difference was found. Relative volume (given as a percentage and calculated as [Absolute volume/ICC] × 100) was used to control for individual head size in the cross-sectional analysis. Groups did not differ significantly in ICC at time 1 (F 2.65 = 0.455, P = 0.636) or in their ICC volume changes between baseline and follow-up (t = 0.489, df = 67, P = 0.627). Of note, the statistical conclusions reported herein remained the same when we analyzed absolute volumes using ICC as a covariate, and when we included only FEAFF who were bipolar in a manic phase.
For the longitudinal volume comparison, the percentage of volume change was calculated with the following formula: 100 × (Relative Volume at Second Scan-Relative Volume at Baseline Scan) / (Relative Volume at Baseline Scan) to control for any group difference in initial tissue volumes. To evaluate which subregion showed differences between times 1 and 2 in GMV among groups, we examined the percentage of differences of relative volumes for each subregion using one-way ANOVA with follow-up post hoc Tukey HSD tests.
In the overall group comparison according to medication history, one-way ANOVA and post hoc Tukey HDS tests were performed. The correlations between the total scores of BPRS and medication dosage were analyzed at times 1 and 2 to evaluate any association between symptom severity and neuroleptic dosage. To eliminate any outlier and any non-normality effects, we used Spearman's ρ for these analyses.
Hyunh-Feldt correction was used when sphericity could not be assumed in the ANOVA.
To evaluate the magnitude of group differences, Cohen's f 2 (Cohen 1988 ) is provided when group comparisons by ANOVA did not attain significance.
Clinical outcome was evaluated as the percentage of change in factor scores in BPRS using the following equation: 100 × (Score at Second Scan-Score at Baseline Scan) / (Score at Baseline Scan). We also used Spearman's ρ to compute associations between ROI volume change for those ROIs showing significant change and the following variables: (1) clinical symptom outcome (e.g., longitudinal changes in BPRS subscales, conceptual disorganization component, and total scores); and (2) interscan interval.
Results
There were no significant group differences in age, sex, handedness, parental SES, or WAIS-R Information and Digit Span scales at baseline, while SES (P = 0.005) and years of education (P = 0.023) showed a group difference. The FESZ group had significantly fewer years of education (P = 0.022) and lower SES (P = 0.004) than the HC group by Tukey HSD tests (Table 1) , consistent with reduced functioning due to the disorder.
Initial volumes (cross-sectional study)
PFC volume measured by manual parcellation
Although a repeated measures ANOVA of PFC relative volume showed no group difference at time1 (F 2.65 = 2.509, P = 0.089), with a relatively low effect size (partial etasquared = 0.072, Cohen's d = 0.279), it showed a significant group difference at time 2 (F 2.65 = 6.125, P = 0.004), with a medium effect size (partial eta-squared = 0.159, Cohen's d = 0.435). Post hoc Tukey HSD tests indicated that the relative volume of the FESZ group was significantly smaller than that of the HC group (P = 0.003), although there was no significant difference with FEAFF (P = 0.337).
PFC volume measured by FreeSurfer
A repeated measures ANOVA of PFC relative volume at time1 showed no group difference (F 2.65 = 2.227, P = 0.116), with a low effect size (partial eta-squared = 0.064 and Cohen's d = 0.261); at time2, it showed no significant group difference (F 2.65 = 2.220, P = 0.117), with a low effect size (partial eta-squared = 0.064 and Cohen's d = 0.261).
Correlations between symptom severity and neuroleptic dosage
There was no correlation between CPZ equivalent dosage and total BPRS scores at either time 1 or 2 in our subjects.
Longitudinal volume changes
PFC volume changes over time
Repeated-measures ANOVA of volume difference (percentage of change) with group as the betweensubjects factor and Hemisphere and Region as the within-subjects factors revealed a significant main effect for Group (F 2.65 = 50.102; P < 0.001) and Region (F 2.882,187.354 = 10.596; P < 0.001). The effect size for Group was high (partial eta-squared = 0.607, Cohen's d = 1.243). There was no significant effect for Hemisphere (F 1,65 = 0.632; P = 0.430). There was a significant interaction of Region × Group (F 5.779,187 .825 = 9.579; P < 0.001). However, there were no significant interactions of Hemisphere × Group (F 2.65 = 0.300; P = 0.742), Region × Hemisphere (F 3,195 = 0.840; P = 0.473), or region × Hemisphere × Group (F 6,195 = 1.535; P = 0.169) (Hyunh-Feldt ε: 0.963 with Region, 1.0 with Hemisphere, and 1.0 with Region-by-Hemisphere) ( Table 2) . Further analysis using one-way ANOVA comparisons revealed significant differences in left SFG (F 2.65 = 17.444, P < 0.001), bilateral MFG (left: F 2.65 = 30.132, P < 0.001; right: F 2.65 = 23.607, P < 0.001), and bilateral IFG (left: F 2.65 = 25.535, P < 0.001; right: F 2.65 = 23.753, P < 0.001). Analyzing the volumetric data at times 1 and 2 using time as a withinsubjects factor, instead of an analysis with percentage of change, did not change our conclusions of statistical significance. Follow-up post hoc Tukey HSD two-group comparison tests showed that the percentages of relative volume change over time in the FESZ group were significantly bigger than those of the HC (P's < 0.001) and FEAFF (P's < 0.001) groups in left SFG, bilateral MFG, and bilateral IFG (Table 2; Fig. 2 ).
PFC volume changes over time measured by FreeSurfer
In the longitudinal volumetric comparisons, a repeated measures ANOVA of the relative volume (percentage change) with Group as the between-subject factor, and hemisphere (left and right) and PFC subregions (FP, SFG, MFG, and IFG) as the within-subject factors revealed that groups did not differ in percentage of volume change in prefrontal gray matter volume (F 2.65 = 2.665, P = 0.077). FreeSurfer effect sizes were low for the three group comparisons on longitudinal volume measurements for prefrontal cortex (partial eta squared = 0.076, Cohen's d = 0.286). For comparison, effect sizes of manual tracing were relatively high for prefrontal cortex (partial eta-squared = 0.607, Cohen's d = 1.243).
Correlations between percentage of change of PFC relative volumes and interscan intervals
Interscan interval did not differ among groups, and there was no significant association between percentage of change of any PFC subregion relative volume and interscan inter- 2 Longitudinal volume changes in left and right prefrontal regions of interest in first-episode schizophrenia (FESZ, red) (n = 21), first-episode affective psychosis (FEAFF, dark blue) (n = 24) and healthy control (HC, green) (n = 23) subjects. Each volume for each scan is expressed as relative volume, given as a percentage and calculated as (Absolute volume/intracranial contents volume) × 100. Each ROI shows each subject's volume at baseline (first scan) and 1.5 years later (second scan) with a line connecting first and second scan values. For each ROI, the proportion of subjects with longitudinal volume decrease is presented at the top as a fraction of the total number of subjects. Mean values are indicated by a horizontal black line. ROI: FP frontal pole (FP), SFG superior frontal gyrus, MFG middle frontal gyrus, IFG inferior frontal gyrus. †indicates P < 0.001 in comparisons of % change over time between each of the two groups by analysis of variance
Comparison of percentage of change of volumes among patient subgroups by medication history
An overall group comparison of percentage of volume changes (1-Factor ANOVA by Group) showed a difference in left SFG (F 5.65 = 9.683, P < 0.001), bilateral MFG (left: F 5.65 = 15.695, P < 0.001; right: F 5.65 = 13.583, P < 0.001) and bilateral IFG (left: F 5.65 = 10.677, P < 0.001; right: F 5.65 = 8.919, P < 0.001). No significant effect of medication (typical, atypical antipsychotics, and presence or absence of mood stabilizers) on the PFC subregion volumes in the FESZ or FEAFF group was found in the follow-up post hoc Tukey's HDS tests (Table 3) .
Clinical correlations of symptom change with volume change over time (Fig. 3) In the FESZ group, left MFG relative volume percentage of change was significantly correlated with the percentage of change in total BPRS score (ρ = − 0.725, P < 0.001, n = 21) and BPRS subscale score of withdrawal-retardation (ρ = − 0.555, P = 0.009, n = 21). Moreover, the left IFG relative volume percentage of change was also correlated with the percentage of change in total BPRS score (ρ = − 0.617, P = 0.003, n = 21). Although the associations were relatively weak, there were associations between percentage of change in left MFG volume and BPRS subscale score of anxious-depression and conceptual disorganization as well as an association between percentage of change in left IFG volume and BPRS subscale score of withdrawal-retardation and conceptual disorganization (ρ values range − 0.467-0.534, P values range 0.015-0.038) (see supplementary Fig. S2 ).
Discussion
Using manual parcellation of ROIs, the present study showed a longitudinal progression of GMV loss in FESZ, but not in FEAFF. Moreover, the specific association with BPRS withdrawal-retardation implies that left MFG and IFG progressive GMV loss may be an important factor in negative symptom development as well as overall psychotic symptom severity as indexed by the BPRS. However, these findings were not observed using the automated brain segmentation provided by FreeSurfer.
Findings in the present longitudinal study with regard to FESZ were consistent with, but also more gyrally specific than, the longitudinal VBM study that showed progressive volume reduction between baseline and 1.5-year follow-up scan in the voxels in the superior temporal gyrus (STG) and in the neocortical regions of frontal, parietal, and limbic regions in FESZ group compared with HC group (Asami Fig. 2 (continued) et al. 2012). The present study results were also consistent with another longitudinal study using semiautomated segmentation of the brain based on the Talairach proportional grid system in showing progressive volume reduction between baseline and 2-year follow-up scan in frontal lobe GMV in the FESZ group compared with HC group (Arango et al. 2012) . Hence, the present study revealed the important finding that the first 1.5 years after onset are associated with major GMV decrease in schizophrenia but not FEAFF.
Medication effects
The present results revealed no significant effect of antipsychotics on the PFC ROIs. We note that our previous study suggested a protective effect of antipsychotics on GMV reduction (Nakamura et al. 2007 ). These findings are consistent with a review concluding that antipsychotic medication is either not associated with brain volume reduction in SZ or attenuates it (Hulshoff Pol and Lahn 2008) . In contrast, a study over longer time intervals showed measureable antipsychotic effects in increasing brain tissue loss in SZ . In this study, it is possible that greater symptom severity led to more neuroleptic exposure and hence, more association with brain changes and it is difficult to rule out this possibility. In terms of the effect of the type of antipsychotic medication, two studies suggest that volumetric changes, if present, are more evident with typical than with atypical antipsychotic usage (Navari and Dazzan 2009; Lieberman et al. 2005) . In the present study, no correlations between CPZ equivalents and total BPRS scores at either Time 1 or 2 were found.
In summary, the present results and previous studies from our laboratory showed ongoing progressive volume reduction associated with function impairment in the schizophrenia patients' brain during the initial years after diagnosis despite ongoing antipsychotic medication.
With respect to the FEAFF data, a meta-analysis showed an overlap of brain abnormalities in affective and non-affective psychotic disorders at the onset of the disease (De Peri et al. 2012) . In the longitudinal analysis, the present data are consistent with a 2-year longitudinal VBM study showing no progressive volume change comparing older BD patients and HCs (Delaloye et al. 2011) . In terms of the effect of medication, mood stabilizer usage has been suggested to increase GMV in BD patients (Atmaca et al. 2007 ). In the present study, the small subject number (N = 4) of FEAFF, not given mood stabilizers, renders a comparison with mood stabilizer treatment inconclusive, although we found no difference between these groups (Table 3) . The MFG and IFG were associated with poor change score in the total BPRS, and progressive GMV reduction in the MFG was associated with poor change in the withdrawal-retardation subscale of BPRS. A VBM study from our laboratory showed significant associations between bilateral IFG progressive volume reduction in schizophrenia and worse withdrawal-retardation subscale scores in BPRS (Asami et al. 2012) . Although the present gyral IFG ROI partially differed from the VBM localization, the common link to the IFG strengthens the present report of an IFG and withdrawal-retardation subscale association. No study, to our knowledge, has reported the association between progressive volume reduction in specific PFC subregions and a worse BPRS total score. We note that the observed associations between progressive volume reductions and exacerbation in BPRS total scores in FESZ are consistent with a previous review suggesting that progressive brain changes in patients with schizophrenia were associated with poor outcome (Nakamura et al. 2007) .
GMV reduction over time in the left MFG or IFG was associated either with an exacerbation or a failure to improve on specific BPRS subscale scores including anxious-depression (MFG), and withdrawal-retardation (IFG) (see Supplemental Fig. S2) . No other study, to our knowledge, examined the relationship between progressive PFC gyral GMV reduction and worse outcome of anxious-depression subscale in schizophrenia. Consistent with our anxious-depression association, an MRS study reported that right frontal metabolic abnormalities were associated with anxious-depression BPRS factor severity in schizophrenia (Deicken et al. 1994 ). Clinically, post-psychotic depression (Chintalapudi et al. 1993 ) often appears after the acute psychotic state in schizophrenia, and thus we speculate that post-acute depressive symptoms may have been reflected in our anxious-depression findings. Our findings regarding conceptual disorganization appear to be congruent with previous studies, and add an important longitudinal dimension. Dorsolateral PFC volume reduction (Lopez-Garcia et al. 2006) and MFG dysfunction (MacDonald et al. 2005) have been related to disorganization symptoms in schizophrenia. Furthermore, left hypofrontality in schizophrenia was associated with more severe conceptual disorganization suggesting a possibility of functional deficits in Broca's area of the IFG (Spironelli et al. 2011 ).
Why do FESZ show progressive GMV reduction? Olney and Farber (1995) have speculated that this may be related to excitotoxicity in schizophrenia, due to excitatory amino acid neurotransmission dysregulation. We have elsewhere reviewed evidence in accord with a GABA-Glutamate imbalance that would be associated with developmental abnormalities just prior to, and after the onset of SZ, with excitotoxic reduction in dendritic spines and synapses leading to a progressive MRI GMV reduction (Woo et al. 2010) . There is some current evidence that patients in the early stage of schizophrenia show increased glutamatergic metabolites consistent with glutamate-related excitotoxicity (Bustillo et al. 2010) . However, to evaluate this hypothesis, conjoint longitudinal evaluation of MRI GMV, magnetic resonance spectroscopy GABA, glutamate levels in many ROIs in prodromal, and first onset schizophrenic subjects will be needed. This excitotoxic mechanism may be present in early FESZ but there is no supporting evidence we are aware of for this in early-stage FEAFF.
Comparison between manual parcellation and FreeSurfer parcellation
In recent volumetric studies, FreeSurfer parcellation has been replacing manual parcellation, still considered the gold standard of volume measurement. FreeSurfer can significantly reduce the time spent parcellating the brain. Nonetheless, in the current study FreeSurfer could not replicate the results obtained by careful manual parcellation. FreeSurfer tends to be more inclusive and produce larger volumes than manual parcellation as has been reported in other publications (Cherbuin et al. 2009; Wenger et al. 2014) , and requires a higher number of subjects to achieve enough power to detect group differences of several cortical and subcortical brain regions compared to the number of subjects needed to achieve the same power using manual parcellation (Liem et al. 2015; Cherbuin et al. 2009 ). Brain areas such as the temporal and the frontal lobe might be especially sensitive to the necessity of a larger sample (McCarthy et al. 2015) . While, FreeSurfer parcellation offers an undisputable advantage by deploying an automated methodology that permits examination of several brain structures or of the entire brain, it may fail to find subtle volumetric abnormalities in specific brain regions such as those in this study. This might be an especially important issue when studying illnesses such as schizophrenia where volumetric brain differences with healthy controls albeit important might be very small.
Comparison between the present results and our group's previous studies of FESZ, FEAFF, and HC
A review of our group's previous studies of FESZ, FEAFF, and HC has been presented elsewhere (Lee et al. 2016 ). The present results are consistent with our previous studies in showing that longitudinal progressive volume loss in the early stage of illness is a feature of FESZ but not of FEAFF. Furthermore, the observed associations between progressive volume loss in MFG/IFG regions and exacerbation in symptoms' severity in FESZ might add to the strength of our previous studies in providing the evidence that regionspecific progressive volume loss can bring an exacerbation of symptoms in the early stage of FESZ.
Limitations
Several issues should be considered in the interpretation of the present results. First, the sample size of 21 FESZ, 24 FEAFF, 23 HC, while not small for manual ROI longitudinal studies, may have contributed to the reduced statistical power to detect group differences using automated techniques. Second, the follow-up interval of this study was relatively short, and it is possible that FEAFF group may experience similar progressive changes but at a much slower rate and perhaps only in a subset of frontal cortical subregions affected by SCZ. Thus, further follow-up studies where scan intervals are longer might reveal the progressive changes in FEAFF group. Third, we did not specifically assess the effect of cannabis usage, but the literature, although complex, suggests the limited usage permitted by our exclusion criteria would have minimal effects on GMV . Fourth, medication effect, as an explanation for GMV loss, cannot be decisively ruled out since most of the longitudinally evaluated first-episode patients were medicated. Typical and atypical antipsychotics have divergent effects on cortical thickness during the first episode of psychosis that are independent from changes due to illness (Ansell et al. 2014) . However, in the present results, the dosage and the type of antipsychotics were not associated with GMV changes in the PFC ROI as assessed cross-sectionally at time 1 and time 2. Nonetheless, Fusar-Poli et al. (2013) suggested longitudinal effects of antipsychotic medication and such effects may also exist in the present results. Studies in which subjects are treated with only typical or atypical antipsychotics within the same study design might reveal the longitudinal effects of the medication. Finally, we did not apply correction for the number of correlations tested in our ROI-clinical associations, since the hypothesis-driven correlation analysis was performed only in the regions showing volume reduction-reducing the number of correlations. However, even if Bonferroni corrections for all possible clinical correlations were applied to the results involving volume-reduced regions, the correlation between left MFG volume change and BPRS total score change would remain significant.
Conclusion
This study is, to our knowledge, the first demonstration of progression of PFC GMV volume deficits in FESZ using manually parcellated gyral ROI, as well as the demonstration of the associations between MFG and/or IFG progressive GMV reduction and a worse symptom outcome. Furthermore, the GMV reduction in the early stage of FESZ might be associated with an exacerbation in negative symptoms. The use of a FEAFF group has enabled us to show that the GMV reduction progression was specific to FESZ, and not present in FEAFF. These noteworthy findings could not be observed using FreeSurfer parcellation. Although manual parcellation requires much effort, approximately 50 h per subject, it afforded us a more precise analysis and yielded results that could not be detected with automated methodology.
